In situ hybridization with synthetic oligonucleotides was used to fine map the extent and continuity of herpes simplex virus type 1 (HSV-1) latency-related RNA (LR RNA) in trigeminal ganglia of latently infected humans. A series of 34 20 residue oligonucleotides were employed to cover a 3 kb region of the HSV-1 genome to which the latency-related gene had previously been mapped. 
(MRC Virology Unit, Glasgow, UK.), and the partial sequence for this region in strain F (S. L. Wechsler et al., unpublished data) . To eliminate possible false positives, computer analysis was done to ensure that no 20-mer would have homology to any other portion of the BamHI B sequence. In several regions, this severely limited the location of 20-mers. Several 20-mers were also rejected because they showed significant in situ hybridization to neurons from uninfected rabbits. Despite these constraints, it was possible to cover the 3010 nucleotide region between positions -822 and + 2188 with no gaps longer than 170 nucleotides.
Thirty-four oligonucleotides were selected and in situ hybridizations to trigeminal ganglia from latently infected humans were done to map the limits of the LR transcripts. Human trigeminal ganglia were obtained at autopsy within 8 to 24 h of death from seropositive individuals with no clinical signs of active HSV-1 infection. Trigeminal ganglia were removed and immediately placed in preservative [periodate-lysine-paraformaldehyde (Stroop et al., 1984) ] for sectioning before in situ hybridization. Sera were collected for determination of anti-HSV-1 antibody titres. Plaque reduction neutralizing titres were > 1:32. Fixing, embedding and cutting sections of trigeminal ganglia were done as described (Rock et al., 1986) . In situ hybridizations to identify LR RNA were done as we previously described (Rock et al., 1987) except that 32p end-labelled synthetic oligonucleotides were used as probes, incubation and washing temperatures were reduced to 37 °C, and slides were exposed to photographic emulsion for only 2 to 3 days. Each probe was tested on three or four sections of trigeminal ganglia from each of two to four HSV-1 latently infected humans. All probes were hybridized to sections from the same four human trigeminal ganglia. Although in situ hybridizations cannot distinguish between the 2 kb and the 1.3 to 1.5 kb LR RNAs seen on Northern blots, all indications are that the 1.3 to 1-5 kb LR RNA does not extend past either the 5' or the 3' end of the 2 kb LR RNA (Wechsler et al., 1988) . Thus, in situ hybridization can be used effectively to map the limits of the 2 kb LR RNA.
Representative in situ hybridizations are shown in Fig. 1 . The results are tabulated in Table 1 and shown schematically in Fig. 2 . Restriction fragment probes representing regions of the genome containing immediate early, early and late genes did not hybridize to any human tissues (not shown), confirming that HSV-1 reactivation had not occurred. None of the" probes hybridized to trigeminal ganglia from uninfected rabbits or to trigeminal ganglia from a 4-month-old seronegative human baby (not shown). In addition, a control 20-mer of the same sense as the LR RNA (1507 to 1526 complement, Table 1 ) did not hybridize, confirming the strand specificity of the 20-mers.
For simplicity, and for consistency with the reported 5' end of the LR RNA in rabbits (Wechsler et al., 1988) and mice (Wagner et al., 1988) , we have assigned nucleotide position 1 to the proposed 5' end of the LR RNA. No hybridization was detected with the restriction fragment -6139 to -822 nor with any of the 14 oligonucleotides covering the region from -789 to -1 (Table 1, Fig. 2 ), indicating that no LR RNA was made before nucleotide position 1.
In contrast, all 15 20-mers covering positions 2 to 1697 hybridized strongly, suggesting that transcription extended throughout this region. Twenty-mers at positions 1757 and 1847 did not hybridize, while those at 1897, 1957 and 2077 again hybridized strongly. The non-hybridizing 20-mers at positions 1757 and 1847 may therefore be within an intron. No hybridization was detected with restriction fragment 2188 to 4001, indicating that the LR RNA ends before position 2188. These results, including the potential small intron near the 3" end of the LR RNA, are consistent with those reported for in situ hybridization in ganglia from latently infected rabbits (Wechsler et al., 1988) . This suggests that the LR RNA present in latently infected humans is the same as that found in animal models.
Although the lack of hybridization with probes 1757 and 1847 suggests an intron in this region, it is possible that these small probes did not hybridize because of slight sequence differences or because of secondary LR RNA structure. location of this potential intron contains the termination site for open reading frame 2 proposed for this transcript (Wagner et al., 1988) . Thus, if splicing does occur in this region, the termination site would be bypassed and the open reading frame would be extended by approximately 100 nucleotides (the location of the next in-frame termination signal) (Wechsler et al., 1988) . Fig. 1 (a) . In negative individuals, no dense accumulation of grains was detected over the nuclei of any neuron. Approximately 1000 to 3000 neurons were examined for each individual.
:~ This probe is complementary to the other oligonucleotides. It is the same sense as the LR RNA and is included as a negative control.
The results reported above map the 5' end of the 2 kb LR RNA to the immediate vicinity of nucleotide 1 (probe -20 to -1 did not hybridize; probe 2 to 21 hybridized). The sequence for this region is TCCAGGTAG with the central G at position 1. The 3' end mapped between 2096 and 2188 (probe 2077 to 2096 hybridized; probe 2188 to 4001 did not hybridize). Unfortunately, additional oligonucleotide probes could not be used to define the 3" end of the LR RNA further, since probes made between 2097 and 2250 hybridized to tissue from uninfected ganglia. Nonetheless, these conclusions are in agreement with the 5' and 3' ends reported for the LR RNA in latently infected animals (Wechsler et al., 1988; Wagner et al., 1988) .
The maximum size of the LR RNA is 2096 to 2188 nucleotides based on the positions of the 5' and 3' ends (positions 1 and 2096 to 2188 respectively). Based on the hybridization results, the estimated size of the potential intron is approximately 100 to 200 nucleotides (see Fig. 2a and b) . The calculated size of the LR RNA after subtracting the size of the intron is 1896 to 2088 nucleotides. This is in excellent agreement with the size estimate of 2 kb from Northern blots (Rock et al., 1987; .
The role of the LR gene and the LR RNAs in latency is currently not known. Although the intranuclear location of the LR RNA during latent infection (Rock et al., 1987; Stevens et al., 1987) argues against translation of the LR RNA, the presence of a long open reading frame (Wagner et al., 1988) argues that this may be a protein-coding region. Perhaps a small amount of the most abundant transcript, or of a lesser spliced transcript is translated in the cytoplasm. Regardless of whether the LR RNA produces a protein, the fact that it is antisense to ICP0 mRNA and overlaps the ICP0 gene by approximately 1000 nucleotides continues to suggest that the LR RNA may suppress the expression of ICP0 by an antisense mechanism (Rock et al., 1987; Stevens et al., 1987) .
